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•  SUMMARY 

<*  # 

A  "t«dy  of  the  F- layer  of  the  ionosphere  made  with  an  HF  backscatter 
tmdmr  using  a  narrow- heao  antenna  has  revealed  a  large  number  of  irregu¬ 
larities  mi  the  wife  range  froa  SO  km  to  500  km  in  nortb-south  extent. 

It  has  been  possible  to  divide  these  irregularities  into  five  types  which 
have  been  named  spot,  line,  split,  step,  and  range  variable.  On  the  basis 
of  bC  one-hour  records,*  the  probability  of  the  occurrence  of  each  type 
has  bed*. estimated  <spat:  60  per  rent;  split:  90  per  cent;  others:  less 
that.  20  per  cent  of  the  time).  Worth-south  motion  of  the  irregularities 
ha»  been  observed, .but  it  Occurs  less  than  10  per  cent  of  the  time  and 
alw.ays  with  movement  from  north  to  south.  When  observed,  the  average 
velocity  of  movement  i,  of  the  order  of  1000  km/hr,  On  occasion,  growth 
and  fade  f.  the  irregularities  has  been  noticed,  with  the  time  from  start 
of  growth  to  time  of  fade-out  being  of  the  order  of  10  to  15  minutes. 
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I .  iNTROntJCTION 


SinM  N<nrembef  i960  •  •‘•‘dy  of  «asll -scale  F-iayer  ifrrsgslarttiea 
..  has  been  in  praSres*  «t  Site  514  of  the  Stas ford  Rtdioecience  Laboratory. 

The  work  has  had  the  following-  foot  specific  sias: 

1.  It  was  desired  to  determine  if  small  perturbations  (areas  of 

high  or  low  ion  density)  in  the  F-regioa  moVed  wi  th  time.  If 
SO,  their  velocities  and  directions,  along  with  their.  »Uo.  ’ 
were  to  be  recorded.  •  •  .  1 

2.  Splits  in  range  of  the  first  hop  fetors  had  bees  noticed  previ¬ 
ously,  and  it  was  desired  to  look  core  closely  at  this  behavior. 

3.  For  the  small  areas' mentioned  in  < 1 )  above  that  did  not  move 

duration,  was  to  be  studied.  •  '  ■ 

4’  aiio!ly’  Jl\0t  the  ab?ve  *ere  to  be  lumped  together  in  consider- 
.  an  their  correlation  with  magnetic  activity  determined. 

A  study  of  this  nature  was  made  possible  through  the  Use  of  an  '  •  " 

antenna  array  with  a  very  narrow  horizontal  bea»width.\  The  antenna  is  ' 
an  array  of  eight  parallel  f hombi e.  a ntenna »  resulting  in  on  aperture  of 
1600  feet.  The  beam  (2°  wide  between  half^power  points  st  15  Me)  is 
capable  of  being  slewed  automatically  in  one-degree  steps,  from  082°  to 
097°  ln  aZimUth<1  This  sowing  .  s -  aceompl i shed  by  means  of  relays/  so  ' 
that  the  antenna  can  be  used  simultaneously  for  transmitting  and  re¬ 
ceiving. 

Other  studies  si.il, r  in  n.tnre  tn  this  one  have  bee.  eondueted 
using  the  b.cksc.tter  technique, 2  b„t  thes.  .xp.r!me„ta  ba,e 


J  "  * 

further  details  on  this  antenna  see:  G.  Barry  •  0  G  Tiflarrf  I.  «r, 
istics  of  small-scale  F  •  „  i  •  ,  Y’  U'  TlIlart>.  Jt-  ,  ‘Character- 

with  a  steerable  narrow  beam  an  t ^  “ T*' **  fr°m  b«k««tsf  soundings  made 

Report  No.  22  January  3  igfii  r  ^ “ ford  ,Radl 0SC1  enc®  Labora tory ,  Technical 

2  '  y  3,  1961,  Contract  Nonr  225(33),  NR  087  090* 

d::;ri::er;::c:;g;;^q^;;t;k;r::;ons  °f  iar8e-scaie  disturbances 

Radio  Propagation  Laboratory  Sc'  ►  'n  a"  VertlCal  lneidence  records’,  Stanford 

AF19(604) - 1830;  and  L.  H  Tveten16" iLT  N°'.  *’  May  21 '  1958’  Contract 

backscatter  sounders’  Journal  of  R  u  T  ™otlons  ^served  with  *igh  frequency 

Radio  Propagation,  Voi.  65D,  No.  2,"“."  -\pln  m""'  ^  °‘  ‘ 


1 


*  *  • 
primarily  jfoneerned  mitS  broad  tadat  team*  and  large-scale  moving  die* 

•  i  •  * 

•  *  urban  ces.  Tbia  report,  it  i»  believed,  ,i»  unique  in. its  usa  of  e  narrow 

o  ’  ’  •  '  ■  * 

slewabla  beam  .to  study  Jmal !• sealc  perturbations  both  movirigand  atafcton- 

•  a iy .  . 

la  Tveten*o  report^  several  mathematical  and physical  mo del  a  of 
■ionospheric  geometries  are  developed,  Come  of  which  will  be.  incorporated 
'  in  this  report. 


^L.  H.  Tveten,  Op.  Cit. 
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II.  PROCEDURE 


Tho  equipment  used  consisted  of  the  aforementioned  antenna,  a 
Granger  Associates 100-kw  peak  powe*  pulse  transmitter,  and  a  Hammarlnnd 
SP-6Q0  receiver  used  in  conjuntion  with  alogarithmic  detector.  The  data 
.  ..  recording  method  was  magnetic  tape  via  an  Ampex  FR  100  tape  recorder, 
.ftith  the  antenna  beam  being  automatically  slewed  through  16°»  $he 
transmitter  yea  pulsed!  at.10  pps  with  a  pulse  width;  of  0.4  ms:  The  re-  ^ 

.  ceiver  (used  in  a  duplexer  arrangement  with  the  transmitter  to  permit 
using  the  array  for  both  transmitting  and  receiving)  .was  set  with  a  3-fcc 
bandwidth.  The  frequency  of  15.3  Ucwas  chosen  ,  in  order  to  eliminate 
any  variables  due  to  frequency.  The  receiver  IF  was  run  through  a 
■  logarithmic  detector  whose  output  was-  recorded  on  tape.  '  The  tape  was' 
later  displayed  on  an  intensity 'modulated. oscilloscope  and  filmed  on 
35mm. film,  Each.tape  was  filmed  with  three  different  gain  settings  with  ' 
corresponding  range  settings  (eg.,  onegain  setting  corresponded  to 
looking  just  at  the  upper  portion  of  the  first  hop  and  was  fi liied  with  a 
range. setting  of  2000  5000  kii' depending  oh. how.  far.  out  the  first  hop  '■•••• 

»eaj.  .  '  •/'  .V, ‘ 

*  •  *  *  *  *  .  *  fi  •  *  *  *  '*  .  .  .  *  .  .  *  .  .  .  .,• 

The  time  of  day  at  which  these  testa  were  run  varied  from  0800  to 
1600  local  tiBe  with  the  majority  of  tests  taking  place  before  1200. 
Usually  the  tests  were  120  minutes  long,  although  several  were  only  40 
80  ,Mnutei  length.  Aa  yet  no  teats  have  been  run  after  dusk.  The 
goal  waa  40  to  120  minutes  of  tape  per  day,  but  other  experiments  in¬ 
volving  the  use  of  the  some  equipment  caused  this  goal  to  be  unattainable. 
As  a  result,  the  influx  of  data,  has  been  steady  at  times,,  but  sporadic 
in  the  long  run. 


III.  RESUME  OF  TERMS 


At  this  tine  it  is  convenient  to  describe  the  types  of  irregular¬ 
ities  noticed.  The  irregularities  have  been  divided  into  five  specific 
types  aa  follower 


1.  Spot  •  Tbia  is  in  irregularity  in  the  range»stiauth  hackacatter 
display  which  ia  well ’defined  in  both  range  and  a hi noth.  It- 
usually consists,  of  an  intensified  region  in  the  echo  pattern  .  ' 
which  corresponds  to  an  area  in  the  ionosphere  froa  2°  to  5®  '  . 

..  in  width  and  froa  100  ka  to  500  ka  in-depth.  Aa  exaaple  of  the. 

spot  irregularity  can  be.  seen  .in  Fif*  I  • 


line..  This  is  the  aaae  aa  the  spot  except  that  it  is  very  thin 
.  *?"*e  (About. 50  ka)  ao  that  it  appears  As  a  line  instead 

of  being  diffuse,  like  the  apot-  See  Fig.  2. 


3.  Step  .  This,  type  of  irregularity  Appears  aa  a  fairly,  sharp 

discontinuity  in  range  of. a  return  which  ia  otherwise  constant ' 
.in  range.’  See  Fig.  .3.  ]• 


4..  Split  Noticeable  division  in  range  of  backscatter  returns  for 
•  a  given  hop  within,  the  range  liaita  of  that  particular  hop. 

•?f  4  shows- returns  at  several  discrete  ranges 

which  all  together  aake  up  the. first  hop.  ... 


5...  Range '  Variable.  • '  Backscatter  return  Variable  in  range  as  a 
function  of  asiauth.  (Differs  froa  the  step  in  that  it  ia 
continuously  variable  over  several  degrees  instead  of  being 
discontinuous  froa  one  sector  to  the  next. )  See  Fig.  5. 
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FIG.  1.  EXAMPLE  OF  SPOT  IRREGULARITY. 
DATE:  20  MARCH  1961 
TIME:  ABOUT  2300  GMT 
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DATE:  13  MARCH  1961 
TIME:  ABOUT  2330  GMT 


IV.  TEXT 

«  • 

•  * 

BaHy  recording  waa  vis  a  facsimile  record  which,  of  necessity,  gars 
output  in  only  one  form-  .'  More  flexibility -in.  data  processing  was  needed, 
-»*»  *  change  was  Bade  to  magnetic- tape  data  recording.  To  obtain  a  large 
dynamic  tango,  a  .logarithmic  detector  with  a  60-db  range  was  u&ed. 

Each  record  has  been  examined  for  behavior  tying  in  with  the  five 
specific  sine  mentioned  in  the  Introduction.  In  the  case  of  moving  dis- 
tarbaaces,  it  ia  sometimes  herd  to  determine  whether  there  is  really 
movement.  Of  the  spot  or  just  a  rapid  fade.  Those  disturbances  that  do 
*®  haee  definite  movement,  however,  have  been  tabulated.  In  the 
case  of  fluctuating  disturbances,  it  is  Very  much  feasier  to  arrive  at  a 
tabulation ,* ss  the  growth  and  fade  is  eery  noticeable  on  the  records. 

Wien  more  than  one  Flayer  hop  is  present,  the  patterns  become  highly 
.variable,  and  due  to  the  complexity  of  the  ray  path  geometry  for  more  than 
one  hop,  no  attempt  will  be  Bade  to  explain  this  behavior  on  the  basis  of 
a  physical  model. 

Probably  the  easiest  phase  of  this  study  was  the  determination  of  the 
degree  of  correlation  between  magnetic  activity  and  backscatter  activity. 
The  results  of  the  study,  however,  must  be  considered  in  the  light  of  the 
source  of  information.  Ak  magnetic  indices  (24-hour  averages)  were  ob¬ 
tained  from  Fort  Belvoir  in  Maryland,  and  the  question  as  to  how  accurately 
they  represent  magnetic  behavior  at  the  point  of  F-layer  reflection  must 
be  kept  in  mind  when  reviewing  the  results  obtained. 

In  order  to  use  these  indices,  each  backscatter  record  was  arbi¬ 
trarily  graded  as  to  its  activity.  Grades  ranged  from  zero  (indicating 
no  activity  uni  form  returns)  to  five  (indicating  highly  non-uniform 
behavior- --many  perturbations).  The  Ak  index  corresponding  to  a  particular 
day  was  compared  with  the  records  for  that  day,  and  a  plot  was  made  of 
record  activity  versus  magnetic  index.  Figure  6  shows  a  plot  of  the 
activity  of  all  the  records  taken  on  tape  versus  the  Ak  indices.  (Facsimile 
records  are  not  included  since  during  this  portion  of  the  experiment  the 
radio  frequency  was  allowed  to ‘vary,  introducing  a  further  complexity.) 


.  IQ  - 


Magnetic  index  -  A. 


SCALE6’  **  ,ND,CES  FB0,»  F0BT  BELVOIB  VS  RECORD  ACTIVITY  BASED  ON  ARBITRARY 


Split  range  behavior  haa  been  noticed  since  the  beginning,  and  a  good 
portion  of  this  report  sill  no*  be  spent  in  presenting  a  possible  physical 
model  to  explain  this  behavior.  'Split  range  perturbation*  is  the  name 
given  to  the  splitting  of  backscatter  returns  into  nany  discrete  range 
intervals,  so  that  each  hop  (depending  on  ita  site)  is  made  bp  of  several 
of  these  returns  (Fig.  4). 

That  the  splite  were  actually  due  to  ionospheric  characteristics 
(rather  than  equipment)  uas  determined  hy  varying  the  characteristics  of 
the  equipsient  used  (both  for  receiving  and  for  recording  the  backscatter), 
»ith  the  finding  that  the  relative  spacing  of  the  splits  «aa  unchanged. 
Probably  the  most  convincing  of  the  testa  conducted,  consisted  of  both 
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Lairing  and  doubling  the  time  scale  of  tie  equipment,^  resulting  in  so 
noticeable  change  in  .the  spacing  »{  the  splits  Bad  the  e<j«ipmeat  been 
the  cause  of  this  behavior,  the  spacing  should  hare  changed  very  BDtieeiblf 
In  his  report  Tveten^  presents'  the  basis  of  the  model  used  her*.  It 

consists  of  a  simple  curvature  in  the  ionospheric  reflecting  layer  which 

,  •  • 
causes  focusing  of  the  transmitted  rays,  but  what  it  more  important  if 

that  it  results  in  the  combination  of  many  ray  paths  in'to  constant  time 
delay  paths  which  would  then  show  up  on  the  amplitude  display  as  •  peak 
at  that  delay  time.  This  curved  section  of  the  ionosphere  would  Cor¬ 
respond  to  a  segment  of  an  ellipse  whose  foci  are  the  transmitter  and  the 
ground  reflection  point  (Fig.  7).  However,  as  Tveten  mentions,  it  is  not 
necessary  that  the  reflecting  section  be  exactly  elliptical;  any  concave 
downward  curvature  would  provide  some  constant,  or  nearly  constant,  delay 
path  bunching. 

This  report  is  concerned  with  spacings  on  the  records  of  about  100  km; 
in  the  ionosphere  this  would  correspond  to  distances  of  the  order  of  50  km 
between  peaks  of  ripples.  The  postulation  then  is  that  curves  of  constant 
ion  density  in  the  ionosphere  are  rippled  in  a  wave-like  manner,  and  that 
these  waves  vary  in  accordance  with  winds  or  tides  in  the  ionosphere.^ 


Doubling  and  halving  the  time  scale  consisted  of  the  following  (taken  with  each  of  two 
different  detectors): 

Ten  minutes  of  data  were  recorded  with  the  time  scale  set  by  a  transmitted  pulse 
width  of  400  Msec  and  a  receiver  bandwidth  of  8000  cps. 

Next,  ten  more  minutes  of  data  were  recorded  with  a  doubled  time  scale;  i .  e.  ,  a 
pulse  width  of  1000  M sec  and  a  receiver  bandwidth  of  3000  cps.  (This  is  slightly 
more  than  doubled,  but  the  receiver  had  fixed  BW  positions  of  3,  8,  and  13  kc. ) 

The  last  ten  minutes  of  data  were  recorded  with  a  halved  time  scale  (pulse  width: 
250  Msec;  bandwidth:  13,000  cps). 

These  six  sets  were  compared  with  each  other,  and  there  was  no  noticeable  change 
in  the  spacing  of  the  splits.  It  was  concluded  that  the  effect  was  ionosphere  induced. 

C  . 

L.  H.  Tveten,  Op  Cit. 

6A1so  postulated  by  Pierce,  See:  J.  A.  Pierce,  ‘The  reception  of  radio  echoes  from 
distant  ionospheric  irregularities’,  Physical  Revue,  Volume  57,  No.  2,  pp.  95-105, 
January,  1940. 
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FIG.  7.  FOCUSING  MODEL . 


Due  to  the. restrictions  placed  on  the  date,  no  attempt  will  be  made  to 
say  anything  about  the  winds  or  tides  except  .here  they  cause  noticeable 
mdvements  in  larger-scale  perturbations  (the  spots). 

Using  the  models  in  Figs.  8  and  9  an  attempt  will  now  be  made  to 
find  the  approximate  depth  (between  the  deepest  and  shallowest  points  of 
the  ripple)  that  would  be  necessary  to  provide  the  constant  delay  paths 
observed.  For  purposes  of  calculation,  the  virtual  height  of  the  re¬ 
flection  point  will  be  assumed  to  be  300  km,  and  the  ground  range  to  the 
point  of  reflection  is  taken  as  700  km,  which  is  average  for  one-hop 
returns  in  this  experiment.  Since  y  originally  is  taken  as  the  height 
to  the  deepest  part  of  the  ripple,  A  Zj}  is  taken  as  12.5  km  t0  correspond 

approximately  to  movement  from  the  deep  point  to  the  midpoint  of  the 
assumed  variation  of  ion  density  (Fig.  9).  The  following  calculations 
then  determine  the  change  in  y  from  the  given  changes  in  t2. 
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The  basic  equations  are 


X1  +  x2  *  C 

C  «  (y2  +  Zj2)1^2  +  (y2  +  z22)1//2 

xl2  =  y2  +  zj2 

C  is  a  constant  and  is  equal 
to  the  length  of  the  constant 

x22  =  y2  +  «22 

delay  path. 

• 

zj  =  2D  -  z2 

Solving  these  for  y  in  terms  of  z2  gives: 

y2  =  (C2  -  4D2)2/4C2  +  2(1  -  4D2/C2)Dz2  >  (4D2/C2  -  l)z22 
Taking  the  derivative  of  y  with  respect  to  z2  leaves 

2y  -  2(1  -  4D2/C2)D  +  2(4D2/C2  -  l)z9 
dz2  1 

or  for  small  A y 

2y  Ay  «  (2D  -  2z2  -  8D3/C2  +  8D2z2/C2)  A  z2 
Since  z2  *  D+Azj, 

2y  A  y  *  (-2  A  z2  +  8D2  A  z2/C2)  A  z2 
or 

Ay  =  [(A  z2)2/y]  (4D2/C2  -  1) 

This  is  the  desired  result,  since  Ay  can  now  be  calculated: 

Az2  =  12.5  km  h  =  R  -  (R2  -  D2)1/2 

y  =  300  km  +  h’  D'  =  700  km 

D  =  R  sin (D ' /Ft)  R  «  6367  km 

Since  D'/R  «  1,  sin (D ' /R)  *  D'/R  giving 

D  ~  R(D'/R)  ■  D'  =  700  km 
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then 

h  -  R  -  ( R2  -  D2 ) 1  /2  %  40  km 

y  3  340  km. 

Since  C  is  constant  it  can  be  calculated  for  the  case  wherein 
X1  *  x2  an<^  Z1  B  z2  *  D.  Thus 

C  -  2x  =  2(y2+D2)1/2  %  1560  km. 

Finally 

|Ayl  =  -[(12. 5)2/340]  [(1400/1560)2  -  1]  ^  90  m. 

Using  £y  =  100  m,  we  see  that  the  total  variation  in  height  from 
the  lowest  to  the  highest  points  of  the  ripple  need  only  be  200  meters. 
Variations  as  small  as  this  are  very  reasonable  to  expect  since  much 
larger  variations  have  been  tabulated  via  ionograms. 

So  far  the  considerations  have  been  entirely  with  straight  ray  paths; 
if  actual  ray  paths  (which  are  curved  due  to  the  constantly  changing  • 
dielectric  constant)  are  considered,  the  situation  becomes  complex.7 
Figure  10  shows  a  sketch  of  the  rippled  F-layer  where  the  rippled  lines 
are  lines  of  constant  ion  density.  The  figure  shows  two  ray  paths 
(typical  of  those  calculated  on  the  basis  of  a  Chapman  layer)8  superimposed 
upon  the  rippled  ionosphere.  (Remember  that  this  figure. is  only  a  crude- 
sketch  and  does  not  represent  any  particular  ion  density  gradient.) 


It  is  conceivable  that  a  digital  computer  program  could  be  written 
analysis  on  a  more  or  less  rigorous  basis. 


to  handle  the 
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RIPPLED  I.ONOSPHERE  AND  TYPICAL  RAY  PATHS. 


It  can  «eeti  from  tfceae  tay  paths  that  as  the  ray  reaches  its  curved 
peak,  it  spends  considerably  more  time  within  a  section  of  assumed  con¬ 
stant  ion  density  than  it  does  in  the  corresponding  sections  on  the  way 
up  of  down.  The  postulation  then  is  /that  the  effect  on  a  particular  ray 
due  to  the  ripples  is  small  on  the  way  up,  but  is  greatly  enhanced  at 
the  peak  enough  so  that  the  necessary  focusing  effect  is  induced. 

That  t)ie  effect  on  the  ray  path  due  .to  the  ripples  'below  the  peak- 
is  small,  appears  reasonable  if  it  is  remembered  that  the  ripples  are 
extremely  small  (of  the  order  o.f  a  sinusoid  200  meters  peak,  to  peak  with 
fl  period  of  50  ki  lometers )'.  Thus  linesof  constant  ion  density  appear 
nearly  un.rippled  until  the  ray  is  bent  to  a  path  nearly  parallel'  to  the 
ripples  .‘9  When  this  happens,  even  the  very  slight  vari  a  ti  ons  .  pos  tula  ted 
have  the  large  effect  calculated  previously. 

This  completes  the  postulation  of  *  physically  acceptable;  ionosphere' 
which  would  produce  the  splitting,  effect'.noticed  on  the  records..  It. must- 
be  kept  in  mind,  however,  that-  the  latt.er'part  of  this  di  scussion-  has'  be.en 
far  from  rigorous,  but  it  was  felt  necessary  in  order  to  make  the.  model,  as 

complete  as  possible,  'it  is  only 'a  suggestion,  -but  it'is  felt’ to  be  .a 
justifiable  one. 

On  the  basis  of  this  ionospheric  model,  the  line  irregularity  can  be 
explained  as  ray  path  focusing  by  a  single  ripple  wherd  the  surrounding 
ripples  have  been  disturbed  so  that  their  focusing  effect  has.'been'  elim¬ 
inated.  This,  would  have  the  effect  on  the  record  of  giving  a  single  nar¬ 
row  return  separated  from  other  returns  by  more  than  a  hundred  kilometers, 
but  this,  by  definition,  is  a  line  irregularity. 


I^Srr;  fire  T  !bt8ined  "ith  °  =  700  km-  AS  the  ra?  bec0I"es  nearly  parallel 

\h  riL1;;  ripples' the  effect  is  the  —  -  * ^ in  D, 

C,  which  (from  the  equations)  is  seen  to  decrease  Ay  even  more. 
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V.  RESULTS 


la  forty-six  of  tfce  sixty  records  reviewed,10  there  are  spot  irreg-a 
ulari ties  (in  the  first11  or  second  hop)  which  are  either  constant  with 
time,  or  move,  or  fade.  In  the  fourteen  records  which  did  not  have  this 
irregularity,  twelve  had  no  irregularities  (except  splits)  at  all.  The 
spot  sizes  vary  from  15  km  to  300  km  in  width.  Of  the  spots  noticed, 
about  80  percent  of  them  faded  in  and  out  with  time.  The  duration  does 
not  seem  to  be  a  linear  function  of  size  although  the  very  large  spots 
(of  the  order  of  8°  in  width)  do  last  longer  than  the  smaller  ones.  With 
the  smaller  ones  the  duration  lies  between  4  minutes  and  15  minutes, 
although  in  rare  instances  a  spot  one  degree  wide  will  appear  and  disap¬ 
pear  in  the  space  of  one  minute.  The  line  spot  acts  like  an  ordinary 
spot  except  that  it  is  much  rarer,  appearing  in  only'about  fifteen  records. 
The  rarity  of  the  line  irregularity  is  understandable  in  view  of  the  ex¬ 
planation  of  this  irregularity  given  in  the  text. 

To  be  classified  as  a  moving  irregularity,  a  perturbation  had  to 
satisfy  the  criterion  that  it  move  at  least  its  total  width  in  azimuth. 

On  this  basis  only  nine  of  the  sixty  records  contained  moving  irregu¬ 
larities,12  and-  four  of  these  nine  contained  eight  of  the  fourteen  moving 
irregularities  noticed.  The  velocities  varied  from  500  km/hr  to  1500  km/hr 
with  the  average  .close  to  1000  km/hr.  Size  had  no  apparent  effect  on 
velocity  (see.  Table  I).  All  of  the  movements  noticed  were  movements  from 
north  to  south---none  in  the  opposite  direction. 


10Average  length  of  the  records  is  two  hours  each. 

There  have  probably  been  more  spots  in  the  first  hop  than  our  method  of  recording 
has  indicated. 

12It  is  necessary  to  re-emphasize  at  this  point  that  this  report  has  been  written  to 
deal  only  with  •  small-scale  irregularities.  Thus,  detection  of  movement  was  usually 
possible  only  in  the  cases  of  movement  in  azimuth.  No  attempt  has  been  made  to  de- 
lne  movement  with  respect  to  range  since  such  movement  would  have  had  to  be  con- 
taihed-in  one  hop,  and  this  behavior  was  never  noticed. 
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TABULATION  OF  MOVING  IRREGULARITIES 


TABLE  I. 


N-S  width  of 

Range  to 

Extent  of 

Approximate  %-S 

irregularity 

ionosphere 

N-S  movement 

veloci ty 

(km) 

(km) 

<km) 

(km/:-.he) 

1£0 

1200 

320 

1100 

210 

4200 

500 

1500 

130 

7600 

130 

1000 

100 

5800 

100 

700 

80 

1100 

80 

500 

150 

4400 

150 

1100 

250 

3800 

430 

1200 

100 

2200 

250 

600 

100 

2200 

170 

700 

100 

2200 

100 

700 

100 

2200 

550 

1500 

150 

3000 

500 

1000 

150 

3000 

200 

1200 

270 

5400 

1000 

2000 

The  step  discontinuity  appears  to  be  quite  rare,  as  it  was  noticed 
in  only  four  records,  but  twice  in  each  of  two  of  the  records.  It  has 
never  lasted  longer  than  10  minutes,  and  it  has  always  been  closely  followed 
by  the  range- va ri abl e  irregularity.  In  four  of  the  six  times  it  has  been 
noticed,  the  step  has  moved  in  range  just  prior  to  the  change  to  the  range- 
variable  behavior.  The  range- vari abl e  irregularity  is  not  so  rare,  appear¬ 
ing  in  twelve  records  in  .varying  degree  but  always  with  the  southern  end 
being  the  end  closer  in  range.  The  length  of  time  this  behavior  appears 
to  last  is  between  10  minutes  and  30  minutes. 

Of  the  five  irregularities  classified  in  this  report,  the  split  was 
the  most  commonly  notice'd.  It  appears  in  fifty-three  of  the  sixty  records; 
and  in  every  record  where  it  appears  (except  one),  it  is  a  continuous 
behavior  lasting  the  entire  length  of  the  record.  In  the  one  exception 
the  record  changed  from  a  record  of  apparent  turbulence  to  one  of  the 
normal  split  range  behavior.  In  the  seven  records  which  contained  no  split* 
range  irregularities,  the  individual  hops  appeared  very  turbulent  in  make¬ 
up  (Fig.  11).  The  splits  appear  in  all  hops,  which  would  have  been  ex¬ 
pected  on  the  basis  of  the  model. 
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From  Fig.  6  it  can  h«  seen  that  there  is  no  apparent  Correlation 
between  the  record  activity  an<!  the  Aj<  index  from  Fort  Be!  voir.  This 
suggests  that  long-term  (24  hour  average)  magnetic  disturbances  have  t»o 
apparent  effect  on  the  irregularity  behavior  of  the  ionosphere,  but  it 
does  not  eliminate  the  possibility  that  relatively  rapid  changes  in  mag 
netic  activity  do  have  an  effect. 
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EXAMPLE  OF  RECORD  WITH  NO  SPLIT  RANGE  IRREGULARITY. 
DATE:  17  MARCH  1961 
TIME:  ABOUT  1900  GMT 


RANGE  (KM) 


LARGE  SCALE  SPLITS  8  RANGE  VARIABLE 


UNE  SPLITS 


SPLITS  a  SPOTS 


SPOTS  a  SPLITS 


RANGE  VARIABLE 


FIG.  12.  EXAMPLES  OF  TYPICAL  RECORDS. 
DATES:  SECOND  PICTURE  -  10  HAY  1961 

OTHERS  -  13  MAY  1961 
TIMES:  ALL  ABOUT  2300  GMT 
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RANGE  VARIABLE 


SPLITS 


KIG.  13.  MO  HE  EXAMPLES  OF  TYPICAL  RECOHDS . 
DATES:  VARIOUS 

TIMES:  BETWEEN  1700  AND  1900  GMT 
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FIG  14.  EXAMPLE  WITH  EXPANDED  SCALE 
DATE :  10  MAY  1961 

TIME:  ABOUT  1600  GMT 
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HG.  15.  SECTION  OF  RECORD  JUST  PRECEDING 
THAT  IN  FIG.  14  (NOT  EXPANDED  SCALE). 

DATE:  10  MAY  1961 
TIME:  ABOUT  1600  GMT 
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FIG  16(a).  EXAMPLE  SHOWING  CONTINUOUS  RECORD  OF 
ABOUT  40  MINUTES  LENGTH  [INCLUDING  PART  ( b )  ]  . 

DATE:  20  MAY  1961 

TIME  OF  START:  ABOUT  2230  GMT 
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-STEPS 


FIG.  16(b)  CONTINUATION  OK  FIG  16(a). 
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FIL  17  ANOTHER  EXAMPLE  OF  CONTINUOUS 
( ABOUT  23  MINUTES  LONG) . 

DATE:  8  MAY  1961 

TIME  OF  START:  ABOUT  1830  GMT 
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FIG.  18.  RECORD  SHOWING  DEVELOPMENT  AND  MOVEMENT  OF 
RANGE  VARIABLE  IRREGULARITY. 

DATE:  13  MAY  1961 

TIME  OF  START:  AROUT  2330  GMT 


0 


30 


RANGE  (KM) 


ANTENNA  AZIMUTH 


FIG.  19,  ANOTHER  CONTINUOUS  RECORD  EXAMPLE. 
DATE:  13  MAY  1961 
TIME  OF  START:  ABOUT  2300  GMT 
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VI .  CONCLUSIONS 


The  records  ceeffl  t(*  indicate  that  «ach  small-scale  irregularity  of 
the  F-layer  can  be  classified  as  one  of  four  different  types.  The  types, 
as  listed  earlier,  are  the  spot,  step,  split,  and  range  variable  (the 
line  irregularity  has  been  included  within  the  scope  of  the  spot). 

The  split  is  most  common,  and  the  chances  of  seeing  this  behavior 
to  the  east  at  any  time  interval  during  daylight  (at  point  of  reflection) 
are  probably  better  than  90  per  cent. ^  •  The  spot  is  less  common,  but 
during  any  hour  interval,  of  daylight  chances  of  seeing  L.t  are  probably 
better  than  60  per  cent.  The  range  variable  irregularity  is  relatively 
ra're,  appearing  probably  less  than  20  per  cent  of  the  time.  At  present 
the  s'tep  discontinuity  is  a  rare  occurrence,  and  no  attempt  can  be  made 
to  say  how  often  this  might  occur. 

All  of  the  irregularities  (except  the  split)  seem  equally  likely  to' 
move,  but  very  few  of  them  (fewer  than  10  per  cent)  do.  When  they  do 
move,  however,  they  appear  to  move  in  a  southerly  direction^  with  an 
average  velocity  of  about  1000  km/hr.  The  irregularities  are  more  likely 

(about  50  per  cent  of  the  time)  to  fluctuate  in  intensity - growing  and 

fading,  on  the  average,  in  10  minutes. 

As  indica’ted  earlier  there  is  no  apparent  correlation  between  record 
activity  and  magnetic  activity  unless  it  is  on  an  instantaneous  basis. 

It  is  possible,  however,  that  the  A^  indices  obtained  from  Fort  Belvoir 
are  not  sufficiently  indicative  of  magnetic  activity  at  the  points  of 
ionospheric  reflection.  If  further  work  is  attempted  on  this  study,  the 
magnetic  activity  should  be  looked  into  more  closely.  Other  improvements 
of  this  study  might  include  Doppler  shift  information,  around  the  clock’ 
data,  and  more  information  on  behavior  in  directions  other  than  east. 

13 

This  report  has  been  limited  to  a  radio  frequency  of  15  Me.,  but  small  samplings 
have  seemed  to  indicate  that  the  behaviors  mentioned  are  typical  in  the  frequency 
range  15  Me  to  30  Me. 

14As  opposed  to  movement  toward  the  north.  No  attempt  has  been  made  to  define  east- 
west  motion. 
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